Abstract The aim of this study was to determine the predictable factors for conversion during laparoscopic proctectomies, and for postoperative morbidity, in order to assist in defining the best candidates of patients for initial experience in laparoscopic proctectomies for rectal adenocarcinoma. A retrospective analysis of consecutive patients who underwent laparoscopic rectal resection for rectal adenocarcinoma operated by a single surgeon, between 2005 and 2012, were performed. Predictive factors for conversion and for postoperative morbidity were analyzed using univariate and multivariate analysis. Sixty-nine patients were included. There were 35 (50.7 %) men with a median age of 53 years. Forty-seven patients had tumors located below 8 cm from the anal verge, and sphincterpreserving surgery was performed in 52 (75.4 %) patients. Thirty-four patients were operated in the early period (before 2009). Conversion rate was 17.4 %. In multivariate analysis, the independent predictive factors for conversion were time period (before 2009) (p = 0.007, Exp. 19.9; CI (95 %) 2.2-177.4) and tumors located 8 cm above the anal verge (p = 0.028, Exp. 5.23, CI (95 %) 1.2-22.8). Twenty-two patients (31.9 %) had a complicated postoperative course. Only male gender was associated with postoperative complications (p = 0.01, CI (95 %) 1.3-11.8). Our study showed that conversion rate is influenced by surgeon's experience, and height of the tumor and that male gender is a predisposing factor for a higher morbidity rate. These results suggest that women with low rectal tumors requiring colo-anal anastomosis or abdomino-perineal resection would be the best candidates for early surgeons' experience in laparoscopic proctectomies for rectal adenocarcinoma.
Background
The reported advantages of laparoscopic rectal surgery include shorter hospital stay, less blood loss and transfusion [1] , less analgesic requirement, shorter times to first bowel movement and mobilization [2] , and less postoperative morbidity [3] . However, despite all these advantages, only few centers perform laparoscopic rectal resections (19.2 %) [4] . In a recent paper, Greenblatt et al. analyzed the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database and reported that only 19 % of 5420 proctectomies were performed by laparoscopic approach in the USA [3] . Laparoscopic rectal resections are considered technically difficult because they require pelvic dissection, rectal transection, and anastomosis in the narrow pelvis, and therefore, it is not widely accepted and adopted yet [5] . In particular, laparoscopic low anterior resection is reported to have the highest level of technical difficulty in laparoscopic colorectal surgery [6] , and therefore, the learning curve to become technically proficient may be longer than for simpler laparoscopic procedures [7] . Earlier studies reported high rates of conversion and postoperative morbidity associated with laparoscopic rectal surgery. In addition, conversion to open surgery is associated with longer hospital stay, greater blood loss, more postoperative morbidity, and some authors reported worse oncological results [8] . In this context, selection of patients may be an important factor at the beginning to improve patients' outcomes. The aim of this study was to analyze predisposing factors for conversion to open surgery and for surgical postoperative morbidity, in order to assist in selecting the best candidates for laparoscopic proctectomies for rectal adenocarcinoma during surgeon's early experience for these complex procedures.
Material and Methods
This study is a retrospective case series of all consecutive laparoscopic rectal resections performed by a single surgeon in a Moroccan university hospital (Ibn Sina University Hospital, Rabat) between January 2005 and December 2012. Patients eligible for laparoscopic approach in this beginning experience were those with resectable rectal adenocarcinoma (located within 15 cm from the anal verge) in the preoperative workup, ASA 1 or 2 and BMI less than 25 kg/m 2 , and no history of submesocolic surgery. Patients with other histologic type than adenocarcinoma were excluded. The study was approved by the medical committee of the Ibn Sina University Hospital.
Preoperative workup included rigid rectal endoscopy with biopsies, total colonoscopy, chest and abdominal computed tomography (CT scan), pelvic CT scan, and carcinoembryonic antigen, and since 2010, endorectal ultra-sonography or pelvic magnetic resonance imaging. Patients with tumors located within 10 cm from the anal verge, suspected T 3-4, and/or positive lymph node on workup underwent preoperative chemoradiotherapy (CRT).
Surgery was performed 6 to 8 weeks after CRT. Laparoscopic surgery was performed with five trocars according to the principles described by Heald [9] . In case of anterior resection, specimen was extracted through a 4 cm supra-pubic incision. Colorectal anastomoses were created using a mechanical circular stapler and colo-anal anastomosis were hand-sewn. In case of abdomino-perineal resection (APR), specimen was extracted through the perineal incision. Perineum was either closed, with confection of abdominal colostomy, or reconstructed using pseudo continent perineal colostomy technique.
We defined conversion as midline laparotomy or enlargement of supra-pubic incision because of inability to perform the surgical steps by laparoscopy. Causes for conversion were identified in the surgical report as described by the surgeon. We defined morbidity as surgical postoperative complications higher than grade II according to Dindo classification [10] , in addition to wound infections. Concerning anastomotic leakage, we adopted the definition proposed by the International Study Group of Rectal Cancer [11] 
Results
During the study period, 69 patients underwent laparoscopic resection for rectal adenocarcinoma. Table 1 summarizes patient's characteristics. There were 35 men (50.7 %) with a median age of 53 years (range 27-76). Forty-seven patients had tumors located below 8 cm from the anal verge and 43 patients received CRT. Sphincter-preserving surgery was performed in 52 patients (75.4 %), with colo-anal anastomosis in 24 patients (46.1 %) and stapled colorectal anastomosis in 28 patients (53.9 %). After Abdomino-perineal resection, five patients had PCPC and the others had perineal closure and abdominal colostomy.
The median operating time was 300 min (range 180-720). The median number of lymph nodes analyzed was 12 (range 0-32). The median distal and circumferential margins were 2 cm (range 0-8) and 2 mm (range 0.7-24), respectively. Six patients (8.7 %) had an incomplete oncologic resection. Four patients had a positive circumferential margin (<1 mm) and two patients had a positive distal margin.
Risk Factors for Conversion
Conversion rate was 17.4 % (12/69). The most common causes of conversion were bulky tumors (four cases; 33.3 %) and difficult rectal stapling (five cases; 41.6 %). Table 2 summarizes the results of univariate analysis. Multivariate analysis showed that time period before 2009 (p = 0.007, Exp. 19.9; CI 2.2-177.4) and tumors located below 8 cm from the anal verge (p = 0.028, Exp. 5.23, CI (95 %) 1.2-22.8) were independent factors for conversion. In the subgroup of patients who underwent anterior resection, analysis showed that patients with stapled colorectal anastomosis had higher conversion rate than patients with colo-anal anastomosis (0 vs. 25 %, p = 0.01).
Risk Factors for Morbidity
Postoperative morbidity occurred in 31.9 % of patients. Causes of morbidity are shown in Table 3 . Anastomotic leaks occurred in ten patients (19.4 %). Four patients (5.8 %) were reoperated for peritonitis (two patients), intestinal obstruction (one patient), and stoma necrosis (one patient). One patient (1.4 %) died in the postoperative period (peritonitis secondary to anastomotic leakage). Statistical analysis (Table 4) showed that male gender was the only predictive factor of postoperative morbidity (p = 0.01, CI (95 %) 1.3-11.8).
Learning Curve Analysis Table 5 shows comparison of the characteristics of the population between the two periods (before and after 2009). There was no difference in gender distribution, age, median height of tumor, and rate of tumors located below 8 cm from the anal verge. Conversion rate was statistically lower in the second period (2.9 vs. 32.4 %, p = 0.001). Morbidity rate was lower in the second period but the difference was not significant.
Discussion
This study addressed the issue of selection of patients in the beginning of experience in laparoscopic resections for rectal adenocarcinoma. We considered that the best patients would be those associated with less conversion to open surgery and less postoperative morbidity. Conversion rate to open surgery in this study was 17.1 %. In the literature, it varies between 0 to 21.9 % [5] . Our study showed that patients with tumors located above 8 cm from the anal verge had significantly higher conversion rate. Knowing that all of them had partial or total mesorectal excision with colorectal anastomosis. Moreover, in patients who had anterior resection, the conversion rate was significantly higher after colorectal than those with colo-anal anastomosis (0 % vs. 25 %, p = 0.01). This high rate of conversion can be explained by anatomical and technical difficulties when performing section of mesorectum and rectal transection [12, 13] . To perform colorectal anastomosis, it is necessary to divide the mesorectum, to expose adequately the smooth rectal wall in order to facilitate uniform and reliable transection of the rectum [12] . The difficulty is that laparoscopic rectal dissection is performed in an anatomically narrow space where intrapelvic manipulation is restricted and working space is limited. Moreover, the available laparoscopic instruments do not allow the introduction of a mechanical stapler deep in a narrow pelvis, and the design of the device prevents application at a right angle to the bowel [13] . Therefore, most authors consider rectal transection as one of the most difficult procedures in laparoscopic rectal surgery and that it greatly influences conversion to open surgery [4, [12] [13] [14] [15] . However, conversion rate in patients who underwent colorectal anastomosis decreased from 58.3 % in the early period to 0 % in the second period, suggesting that with increasing experience, this difficult surgical step can be completed by laparoscopy.
Several studies have shown that conversion to open surgery correlates with surgical expertise and that it is a strong indicator for the learning curve in laparoscopic surgery [8, 12, 16, 17] . Agha et al. reported a significant decrease of conversion rate from 13 % during the first 100 procedures to 3 % for the last 100 procedures [8] . In a series of 98 laparoscopic rectal resections, Morino et al. reported an improvement of conversion rate from 24 % for the first 25 cases to 13 % for the last 23 cases [16] . In our study, conversion to open surgery decreased from 32.4 % in the early period (first 35 patients) to 2.9 % in the latter period (p = 0.001) with no change in patients' characteristics between the two periods, meaning that the improvement was related to the surgeon's learning curve. The reported cutoff for the learning curve in regard of conversion rate is reported to be up to 150 cases in the literature [12] . In this study, the surgeon achieved this learning curve after performing 35 rectal resections.
The two other most important factors associated to conversion in the literature are BMI [8] and male gender [12, 13] . BMI could not be assessed since this study included only patients with BMI less than 25 kg/m 2 . Conversion rate was higher in male gender without reaching statistical significance.
However, male gender was the only predictive factor for morbidity in this study, which is in accordance with previous reports in the literature [4, 12, 13] . Male patients had more anastomotic leaks, wound infections and urinary complications than women. The difference between genders was marked in case of stapled colorectal anastomosis (28.6 vs. 6.7 %). Male patients have narrower and deeper pelvis than women [4] . Thus, technical difficulties in rectal transection are more frequent in male than females, resulting in more multiple firing, usually with a Z form, which creates a potential ischemic zone in the rectal stump with high risk of leakage [12, 13] . These difficulties could explain the high rate of AL in this study.
In the other hand, morbidity rate was not significantly different between the two periods, especially in male patients (44.4 vs. 47 %). However, in female patients, complications occurred less frequently in the second period (25 vs. 11.1 %). These results suggested that the learning curve for postoperative morbidity was not still completed in male patients. There is a debate whether the rate of postoperative complications improves with the number of cases managed [18] [19] [20] [21] . Ito and Marusch did not find a relationship between the experience and postoperative complications [18, 19] . In these studies, there was a tendency to operate more complicated cases with increased experience and complications rates were similar or even higher with increased experience. Thus, results were not accurate because the groups compared were different. In our study, the two groups compared were similar, particularly in regard to tumor characteristics (T stage and height of tumor). Kayano et al. [12] analyzed the learning curve in 250 consecutive patients undergoing laparoscopic rectal resection and found that complications decreased significantly with the number of cases managed. Interestingly, they also reported the number of required cases for the learning curve was higher for postoperative morbidity than for conversion rate. Anastomotic leak rate varies in the literature from 6 to 18 % [22] [23] [24] . Park et al. reported a significant decrease in AL rate from 20 to 3 % with the surgeon's experience and standardization of rectal transection technique [7] . Therefore, in laparoscopy, standardizing the rectum transection is important and the proper technique of rectum transection is indispensable to improve patient's outcome [7, 12, 13] .
Our results suggested that women with tumors located below 8 cm from the anal verge, scheduled for anterior resection with colo-anal anastomosis, or abdomino-perineal resection would be the best candidates for early experience in laparoscopic resections for rectal adenocarcinoma. With increased experience, surgeons could extend their indications to higher tumors in women, then to rectal tumors in male patients. There is a lack of data in the literature regarding selection of patients for laparoscopic rectal surgery. Laurent et al. analyzed risk factors predisposing to conversion and morbidity in TME with sphincter preservation in 200 patients and concluded that the laparoscopic approach is not a good option for men with a stapled anastomosis because of high morbidity rate [13] . Indeed, rectal surgery is harder in men because of a narrower pelvis. However, if we exclude the anterior dissection of the rectum, the other technical steps of this procedure are shared between males and females including lateral and posterior rectal dissection in the pelvis, rectal transection, and anastomosis. By getting familiar to these techniques in less challenging cases (women larger pelvis), surgeons would be able to transfer these skills to more difficult ones like men narrower pelvis. It was confirmed by many studies reporting low conversion and morbidity rates in men with increased experience [4, 7, 17] . Male patients were associated with high morbidity in our analysis and should only be operated by high experienced surgeons.
This study has some limitations. It was retrospective with small number of patients and included a selected population with BMI less than 25 kg/m 2 and without major comorbidities. However, these results could help surgeons to choose the best patients for starting experience in laparoscopic surgery for rectal adenocarcinoma without compromising patients' outcomes, and to plan rising difficulty according to the improvement in their learning curve.
Conclusion
This analysis of our early experience in laparoscopic surgery for rectal adenocarcinoma showed that conversion rate is influenced by surgeon's experience, height of the tumor, and type of anastomosis and that male sex is associated to higher morbidity. It also shown that conversion and morbidity rates in females improved with surgeon's experience. These results suggested that women with tumors located below 8 cm from the anal verge, scheduled for anterior resection with colo-anal anastomosis, or abdomino-perineal resection would be the best candidates for early experience in laparoscopic resections for rectal adenocarcinoma.
